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Intestinal brush border membrane is known to have two distinct major functions;one is digestion of oligosaccharides and oligopeptides and the other transport of monosaccharides and amino acids against their chemical potential gradients.Several authors (UGOLEV,1965 (UGOLEV, ,1974 CRANE,1967; PARSONS and PRICHARD,1971 )have previously pointed out that there is a functional linkage between these two processes since the products of the membrane digestion are efficiently transferred across the membrane without significant rise in the intraluminal concentrations of the liberated products. CRANE(1967),and PARSONS and PRICHARD(1971) have proposed the existence of a well-type local pool for the liberated products at the brush border in order to explain such a functional linkage, and other authors (HAMILTON and MCMICHAEL,1968; PRICHARD,1969; UGOLEV, 1974) have stressed the importance of the intermicrovillous space as a possible local pool.Recent studies by MALATHI et al.(1973) and RAMASWAMY et al.(1974) , however,showed that disaccharide-arising glucose was transported by Na+-independent process separated from the Nat-dependent hexose transport system for luminal free glucose.Thus,there remain some questions on the relationship between membrane digestion of disaccharides and hexose transport. KOHN et al.(1968) have demonstrated that maltose and sucrose generate immediate and rapid increments of the transmural potential difference in rat small intestine when these sugars are introduced into the mucosal bathing fluid.A straightforward interpretation of such disaccharide-evoked potentials may be that the evoked potentials are the transport potentials of glucose liberated by the hydrolysis,since glucose is known to be transferred by Nat-dependent electrogenic transport system (BARRY et al.,1964; SCHULTZ and ZALUSKY,1964; LYON and CRANE,1966; SCHULTZ et al.,1967) .However,the nature and characteristics of the disaccharide-dependent electrical potential differences in the small intestine have not been studied extensively.
It is of interest to know the quantitative relationship between the disaccharideevoked potentials and the transport of glucose liberated since the functional linkage between the final digestion of sugars and transport of hexoses (products of hydrolysis)must be reflected in this relationship.The aim of the present study is to look at basic properties of the disaccharide-induced potential changes in the small intestine and to describe them quantitatively in terms of the mucosal disaccharide concentration and kinetic parameters of both hexose transport and membrane disaccharidase activities.
METHODS
Toads(Bufo vulgaris)of either sex were anesthetized by intracisternal injection of 0.2-0.3 ml of 25% urethane solution.The upper small intestine,about 3 cm long just below the hepatopancreatic duct(corresponding to the duodenum)was excised,rinsed with Ringer's solution and everted.The everted intestine was of the intestine were tightly ligated over the tube. The kinetic parameters of glucose transport were determined under similar conditions.The initial uptake rate for glucose was estimated by incubating the everted preparations in media containing D-[14C] glucose and D-[3H] mannitol for 30 min.A preliminary experiment revealed that the uptake of glucose was linear with time until at least 45min,and that the serosal appearance of glucose was negligible within 30min-incubation period.After the end of incubation, tissues were picked up,cut free from the polyethylene tubes,blotted on filter paper, weighed on a torsion balance,then placed in 2.0ml distilled water for extraction. The extraction fluid with a tissue was heated in boiling water for a few min.After overnight standing at room temperature,the radioactivities of the extraction fluid were counted in a liquid scintillation counter(Aloka LSC-601).The dilution factors for the extraction fluids were calculated from weights of empty test tubes, wet and dried tissues,and the tubes containing the extraction fluid and a tissue. Cellular uptake rate was determined by correcting for the extracellular fluid space as estimated with [3H]-mannitol for each preparation.In some experiments,4 longitudinal strips were prepared from the same area of the intestine as that employed in above experiments and used for a series of experiments with 4 different sugar concentrations since the use of single everted preparations from different animals gave rise to a larger scattering of data.However,it was found that the average values for the maximum rate of cellular glucose uptake,J.and the half satura-tion concentration for glucose,Kt,obtained by two different methods were almost the same.
RESULTS
Basic properties of the disaccharide-evoked potentials The addition of maltose or trehalose to the mucosal solution caused an immediate and sustained increment of the mucosal negativity of the everted intestine. Figure 1 shows typical examples of tracings of changes in the transmural potential difference produced by both 10mM glucose and 5mm maltose.The configuration or the time course of the evoked potentials are very much similar.High speed recording,however,revealed that the half-rise time was about 30 sec for maltose, whereas it was about 15 sec for glucose.Sucrose and lactose did not cause such a potential increment. The relationship between the size of the disaccharide-evoked potentials and medium concentration of the corresponding sugar is shown in Fig.2 where data were plotted according to the Lineweaver-Burk's way.Each point indicates the mean value of 16(for maltose)and 14(for trehalose) experiments with different intestines.The glucose-evoked potentials recorded from the same preparations are also shown.The line for glucose was linear over a wide range of concentration, indicating that the relation simply conformed to Michaelis-Menten kinetics.As to maltose and trehalose,the linearity was seen in a low and moderate concentration range,but,at higher concentrations,points tended to deviate upward from the extrapolation of the linear segments.The extrapolated line from the straight segment intercepted the ordinate at the same point as that of the line for the glucose-evoked potentials,suggesting that the same electrogenic process is involved in the genesis of both disaccharide-and monosaccharide-evoked potentials. The results of above experiments clearly indicate that the disaccharide-evoked potential is generated by the Nat-dependent phlorizin-sensitive hexose transfer mechanism.However,the size and the time course of the disaccharide-evoked potential had no correlation with the medium concentration of released glucose. Figure 3 shows the examples of maltose-and trehalose-evoked potentials recorded for 30 min after their generation and the time course of rise in luminal glucose concentration.When maltose was added to the medium at 1mM,the potential rapidly increased and attained to almost the maximal value within a few min.The evoked potential produced by 2mM of free medium glucose,as calibrated in the same preparation just before the experiment with maltose(the calibration curve was shown on the right side of the trace of the maltose potential).On the other hand,the concentration of liberated glucose in the medium was only 0.3 mM even after 30min incubation.Moreover,the disaccharide-evoked potential reaches its maximum level within about several min,when the concentration of liberated glucose in the medium is much lower than that after 30min incubation. The similar phenomenon was also observed with trehalose.This indicates that the hexose transfer system is not equilibrated with the medium concentration of liberated glucose directly.
Kinetic parameters for disaccharidase activities and glucose transport
In order for quantitative description of the disaccharide-evoked potentials, an analysis of potential data was attempted by using a model of the mucosal border with a local pool(see DISCUSSION).For this purpose,it was necessary to know all of kinetic parameters for disaccharidase activities and glucose transport.As the data of the kinetics are to be used for the analysis of potential data,measurements of kinetic parameters were carried out under almost the same conditions as those in the potential measurements.Namely,the similar conditions for incubation and similar everted intestinal preparations were used.
The values of Vmax and Kh for maltose and trehalose obtained were given in the upper part of Table 2 .These parameters varied significantly from animal to animal,and no significant difference was seen between these two disaccharides either in Vmax or Kh. The maximum rate of mucosal transfer of glucose,Jmax,and half saturation concentration for glucose transfer,Kt,were given in the lower part of Table 2 .
DISCUSSION
Nature of the disaccharide-evoked potentials.Results of the present study clearly indicate that both the disaccharide-and the glucose-evoked potentials in the small intestine are generated through a common mechanism,i.e.Na+-dependent phlorizin-sensitive hexose transport mechanism.The Na+-dependent hexose transport is known to have electrogenic properties,namely,the coupled movement of Na+ with hexose molecules causes increments in both short-circuit current (SCHULTZ and ZALUSKY,1964; SCHULTZ et al.,1967) and potential difference across the intestinal wall (BARRY et al.,1964; LYON and CRANE,1966; Hosm and KOMATSU,1968) .In some animal species,a marked depolarization of the brush border membrane associated with hexose transport has been demonstrated (ROSE and SCHULTZ,1971; WHITE and ARMSTRONG,1971) .In toad intestine,mirror-image potential surges are observable under conditions of metabolic inhibition when glucose addition was followed by addition of phlorizin.The direction of the potential surge is dependent on that of coupled movements of hexose and Na+ (Rosin and KOMATSU,1970) .These findings indicate that the Na+-dependent carrier transport system at the brush border membrane has electrogenic properties and that the movement of the ternary(Nat-hexose-carrier) complex is directly responsible for the generation of the hexose transport potential. In guinea pig small intestine,the size of the hexose-transport potential is directly proportional to hexose influx across the brush border membrane when electrical conductivity of the medium is constant(unpublished observation).
All electrical phenomena generated by the introduction of disaccharides into the mucosal fluid can be interpreted on the basis of a current view that maltose and trehalose are rapidly hydrolyzed at the surface of the brush border membrane,and liberated glucose is efficiently transferred by the electrogenic Na+-dependent hexose transport system.Moreover,the present results are in accordance with the view that there must be a local pool for liberated glucose within or at the surface of the membrane and the transport system is in direct contact with the pool.
Recently, MALATHI et al.(1973 )and subsequently RAMASWAMY et al.(1974 have demonstrated evidence supporting a view that disaccharide-arising glucose is transported by a Na+ -independent transport system which is separated from the usual Na+-dependent system for luminal free glucose.They also showed that disaccharide-arising glucose and luminal free glucose were not mixed within the membrane.The present study does not exclude a possibility of existence of another non-electrogenic hexose transfer mechanism specific to disaccharide-arising glucose. However,a comparison of the relationships between the disaccharide-and the glucose-evoked potentials for equimolar concentrations of both sugars (Fig.2) and between the rates of absorption of glucose from luminal equimolar glucose and disaccharide( Fig.1 in Ref.9 )leads us to a view that the existence of such a nonelectrogenic mechanism is quite unlikely since these relationships are almost identical. CRANE(1975) 1969).A simple well-type model of the pool is illustrated in Fig.4 .In this model, disaccharidases are assumed to be located at the surface of the wall of a well-type pool,and the Na+-dependent hexose transport system is in contact with this pool as originally suggested by CRANE (1967) .When glucose is added to the luminal medium concentration(C1G within a few minutes,as considered trom the time course of the glucose potential.As shown in Fig.2 The relationship between CpG and luminal disaccharide concentration(C1D),however,is not simple.The fact that the disaccharide-evoked potential is usually stabilized at a steady level within a few minutes indicate that CpG must reach a steady level within a similar period of time after the addition of disaccharide into the mucosal solution at a certain concentration.This further means that glucose supply into and escape of glucose from the pool would equilibrate in a relatively short period.Thus,at a steady state, 
